Amotivation and reward-processing deficits have long been described in patients with schizophrenia and considered large contributors to patients' inability to integrate well in society. No effective treatments exist for these symptoms, partly because the neuromechanisms mediating such symptoms are poorly understood. Here, we propose a translational neuroscientific approach that can be used to assess reward/motivational deficits related to the negative symptoms of schizophrenia using behavioral paradigms that can also be conducted in experimental animals. By designing and using objective laboratory behavioral tools that are parallel in their parameters in rodents and humans, the neuromechanisms underlying behaviors with relevance to these symptoms of schizophrenia can be investigated. We describe tasks that measure the motivation of rodents to expend physical and cognitive effort to gain rewards, as well as probabilistic learning tasks that assess both reward learning and feedback-based decision making. The latter tasks are relevant because of demonstrated links of performance deficits correlating with negative symptoms in patients with schizophrenia. These tasks utilize operant techniques in order to investigate neural circuits targeting a specific domain across species. These tasks therefore enable the development of insights into altered mechanisms leading to negative symptom-relevant behaviors in patients with schizophrenia. Such findings will then enable the development of targeted treatments for these altered neuromechanisms and behaviors seen in schizophrenia.
Introduction
Schizophrenia is a lifelong debilitating neurodevelopmental disorder affecting approximately 1% of the population. 1 Patients with schizophrenia exhibit myriad of symptoms, with treatments for positive symptoms (eg, hallucinations, delusions), being available since the 1950s. In the late 1990s, it was recognized that cognitive symptoms (eg, inattention, poor working memory, and executive dysfunction) predicted functional outcome in patients. Since then, several National Institute of Mental Health (NIMH) initiatives were undertaken to improve our understanding of neuromechanisms underlying cognitive deficits ( 4, 5 ]). These initiatives led to the Food and Drug Administration (FDA) recognizing that treatments for cognitive dysfunction could be approved. Most relevant to the present review, are the CNTRICS and CANTAB efforts that focused on developing cross-species tests to investigate specific domains. These efforts highlighted the fact that cross-species tests are required to improve our understanding of the neurosubstrates of schizophrenia symptoms that are not adequately treated today. Despite the recognition that cognitive symptoms require such efforts, 1 major symptom group characterizing schizophrenia that has not seen the same efforts are negative symptoms.
A NIMH-initiated consensus conference held on negative symptoms clarified that negative symptoms are distinct from cognitive deficits. [6] [7] [8] This conference confirmed that negative symptoms of schizophrenia include affective flattening (diminished emotional expression), anhedonia (diminished ability to experience pleasure), avolition (amotivation), alogia (impoverished speech), and asociality 9 but can be divided into 2 main classes: (1) reduced expression of observable verbal and nonverbal communication (eg, reduced facial expression or voice tone) and (2) reduced motivation (ie, avolition). 6, 10, 11 This consensus meeting resulted in FDA-endorsement of negative symptoms as a drug target but it was not designed to develop/recommend objective laboratory-based tests for these symptoms.
Hence, clinical rating scales remain the primary measure of negative symptoms, creating difficulty in identifying neural mechanisms underlying these symptoms given the lack of objective quantification of behaviors.
More germane to this review and our current understanding is that motivational factors of negative symptoms have been linked with poor functional outcome in patients. [12] [13] [14] To-date, rodent studies investigating the putative neural mechanisms underlying negative symptom-related behaviors have relied largely on nonoperant based tests thought to relate to negative symptoms of schizophrenia. 15, 16 For example, the sweet-preference test in animals measures preference for a sweet vs a nonsweet solution, thought to reflect anhedonia in schizophrenia. Despite the large number of studies investigating this phenomenon in rodents claiming this relation, [17] [18] [19] [20] when patients with schizophrenia were finally tested, they exhibited normal preference for juice (ie, sweet solution) despite their high negative symptom scores. 21 Considering the difficulty of linking interview-based rating scales to laboratory behavioral tasks in experimental animals (figure 1), "the present review describes procedures that quantify motivation and reward valuation in rodents in a similar parametric fashion to tests that can be conducted in humans and briefly describes what is known of the neuromechanisms underlying these behaviors." Such cross-species tasks have high translational value in terms of both identifying neuromechanisms mediating negative symptoms, as well as targets for medication development.
The approach taken here is consistent with the Research Domain Criteria (RDoC) initiative of the NIMH, 22 designed to bypass diagnostic categories and focus instead on classifying psychopathology based on dimensions of functioning in patients present across diagnostic categories. [23] [24] [25] Several behavioral procedures discussed below are listed in the Positive Valence System domain of the RDoC as tasks assessing constructs of approach motivation. Specifically, the subconstructs of expectancy/reward prediction-error action selection/ preference-based decision making, effort valuation/willingness to work, reward valuation, and the construct of reward learning are some of the constructs assessed by the procedures described below.
There have been several recent attempts to use effortbased decision-making paradigms that involve reward delivery upon emission of correct responses (borrowed from cognitive neuroscience) to quantify effortful choicepreference in schizophrenia patients (Green et al, 26 this issue). Some effort-based decision-making tasks have been developed for use in rodents and can be readily adapted for humans, eg, motivation to exert physical or cognitive effort. 27 Other tasks include quantifying the value placed on a reward, integrating feedback from reward/loss, and translating this feedback into reward-seeking action. Tasks that can quantify each of these aspects of reward processing will be discussed below (table 1) .
Reward Valuation From Physical and/or Cognitive Effort Tasks
A classic test for measuring the motivation to exert physical effort to gain rewards is the Progressive Ratio Breakpoint (PRBP) procedure that can be used in almost every species. The PRBP involves progressively increased effort requirements (eg, pressing a lever for rodents or pressing a key on a keyboard for humans) to obtain the same amount of reward. In this procedure, the willingness of an animal to work for a reward is quantified by assessing the breaking point, that is the point where the subject ceases to respond because "the juice is no longer worth the squeeze". 28 In 2000, Ellenbroek and Cools 15 suggested using the PRBP to quantify negative symptomrelevant behavior in animal models of schizophrenia, a premise supported by others in the field. 16, 29 In 2014, Wolf and colleagues 30 conducted a PRBPbased study in patients with schizophrenia. Patients were given information on the reward level and number of trials required to obtain a reward. The task was simple A schematic of the translational approach described here towards the development of cross-species applicable procedures to quantify behaviors with relevance to the negative symptoms of schizophrenia. Traditional measures of negative symptoms in patients with schizophrenia utilize interview-based rating scales. On the other end of the spectrum, animal paradigms have largely utilized behaviors that are relevant to the animal's natural behavior (ethological) in the hope that these measures will provide similarities to the human rating scales. The approach proposed here is to identify paradigms that can be conducted across species, providing quantifiable measures that are consistent across species. By utilizing consistent paradigms across species, it is hoped that there will be greater consistency in the neural circuitry between species. Thus, any mechanistic findings in animals will have an increased chance of representing the same circuitry in humans.
and required that subjects identify the highest of 2 numbers). The number of trials to be completed progressively increased with the subjects terminating the testing session at any point of their choosing, enabling the determination of their breaking point. Patients with schizophrenia exhibited significantly lower PRBP scores than healthy control participants, and breakpoints correlated with amotivation levels in the patients assessed via negative symptom rating scales. 30 This task involves both a physical and cognitive effort, although the cognitive requirement is kept purposefully very low due to cognitive difficulties of patients (discussed below). The cognitive load therefore does not increase over the session. Likewise in rodents, the difficulty is raised by increasing number of responses to earn a reward and the response itself is simple. Thus, the PRBP may provide a viable methodology for investigating neurocircuitry underlying the motivation to exert physical and cognitive effort to gain rewards across species with relevance specifically to the lack of motivation exhibited by schizophrenia patients.
Additional operant-based tasks exist for rats to quantify choice-based effortful motivation. Floresco and colleagues developed a physical effort-based discounting/ decision-making task (EDT) that presents the rat with hard-or easy-effort-based choice levers. Whenever the easy choice lever was chosen, the rats received 1 reward. When selecting the hard choice the rats received 4 rewards, but only if they could make enough responses in a short space of time with the number of responses required increasing as the session continued. 31 Thus, the breakpoint, defined as the effort requirement when the rat stopped selecting the high-reward lever, indicates at what point the reward was insufficient for its cost in physical effort. Other techniques to measure rodent motivation involve maze-based tasks. [32] [33] [34] [35] [36] These maze tasks are not discussed here due to the limited number of trials that can be completed in a single session, thus introducing possible consolidation-related confounds. PRBP demands can be physical, as in most of the procedures described above, while others may be mentally taxing requiring "cognitive" effort. This cognitive effort aspect of motivation also requires study in the context of the fact that schizophrenia patients exhibit cognitive deficits that may contribute to amotivation and vice versa. [37] [38] [39] [40] [41] [42] [43] A task for rodents that varies cognitive load requiring rats to choose between cognitive effort levels has been developed recently. Winstanley and colleagues 44 designed this task, requiring rats to select between performing easy or hard trials (involving short and long visual stimulus durations respectively). After their choice, they are presented with a single light in 1 of 5 holes requiring a response in that hole within the stimulus duration to receive a reward. Detection of a light that is presented briefly is more difficult than detection of a long duration light but rats receive twice the reward for correct responses when choosing difficult trials. Although there is trial-by-trial variation in choices for individual rats, individuals exhibited a natural inclination to select easy or hard trials, determining them as "slackers" or "workers". Although it is labor intensive to train rats in this task, the inherent trait was stable in rats and has been manipulated in various studies.
In its inaugural study, it was revealed that amphetamine and caffeine treatment lowered the preference for hard choices in "workers", while only amphetamine raised the preference for hard choices in "slackers". 44 Importantly, both treatments increased responding prior to stimulus cue onset (premature responding) irrespective of the rat's preference for easy or hard trials, indicating separable mechanisms underlying selection of hard vs easy choices and premature responses. Furthermore, inactivation of specific brain regions induced effects that were baseline preference dependent. For example, inactivation of the basolateral amygdala increased preference for hard trials in "slackers", while reducing such preference in "workers". Inactivation of the anterior cingulate cortices 45 and prefrontal cortices 46 reduced the preference for hard trials (cognitive effort) in all rats irrespective of baseline preference. Importantly, unlike the physical effort task (EDT) described above, dopamine receptor antagonists did not reduce the preference of rats to select hard trials. 46 These data support the separation of mechanisms underlying choices of different quantitative levels of physical vs cognitive effort. Specifically, it appears that mesocorticolimbic dopamine is critically involved in physical effort valuation while cortical areas, such as the prefrontal and cingulate cortex are involved in cognitive effort valuation. This cognitive effort task has been reverse translated for use in humans and is described in detail as a perceptual effort task elsewhere in this issue. 47, 48 Although largely consistent with the rodent task, the difficulty level for patients was titrated based on the patients' baseline abilities. Future studies will be required to demonstrate the cross-species validity of findings for this task.
Integrating Reward Feedback for Decision Making
Quantifying the motivation to expend physical or cognitive effort required for a straightforward reward enables the investigation of circuitry related to negative symptoms. It is also important to study how rewarding feedback is processed for future decisions and actions, providing insights into the value a subject places on that feedback (reward or no reward). These procedures, quantify learning in an environment that is more relevant to the "real-world" than the reward-for-effort tasks described above. Deficits in such reward-associative learning correlate with negative symptoms in schizophrenia. 49 Numerous tasks exist that quantify reward-associative learning that are available for use in both rodents and humans. Although these tasks evaluate associative learning (a cognitive process), the subject must process reward feedback (ie, reward responsiveness), which will influence future choices and actions in the pursuit of rewards. It is for these reasons that it is hypothesized that quantifying of such rewardrelated decision making is related to negative symptoms in patients with schizophrenia.
A classic method of testing such feedback-based decision making in humans is the probabilistic learning task. [50] [51] [52] In this task, subjects are required to select the target from 2 options. While ordinarily rewarded for selecting the target, feedback can be misleading as the selection of a specific target will not always result in a reward. Likewise, selecting the nontarget would occasionally be rewarded. Hence, the subjects' choices result in unreliable feedback. This ratio of reward/nonreward can vary but classically starts at an 80/20 ratio, with variations at 70/30 or 60/40 etc. for different stimuli. Furthermore, some human studies utilized reversal stages where the contingencies were switched, or extra stages whereby stimuli were mixed with previously presented stimuli. Negative symptoms correlated with learning deficits in this task when multiple ratio contingencies were presented. 49 Importantly, patients exhibited poor learning in these tasks driven by poor reward-associative learning, while exhibiting normal learning in response to punishments. 49, [53] [54] [55] This pattern of results suggests mostly intact associative learning but decreased sensitivity to reward, an effect that could be conceptualized as amotivation. This reduced associative learning from rewards can be quantified by examining post-hoc choices after receiving a reward, referred to as the win-stay ratio. Changes to punishment-associative learning can be quantified similarly using the lose-shift ratio. [56] [57] [58] [59] Thus, utilizing feedback-based decision-making tasks could illuminate reward processing capabilities in patients that may underlie negative symptoms in patients. These paradigmatic challenges to learning can readily be tested in animals.
Some possible confounds using probabilistic learning tasks should be addressed however. Although it is recognized that probabilistic learning tasks primarily assess contingency learning-possibly more relevant to cognitive deficits in schizophrenia-such learning involves processing of reward feedback with deficits associated with negative symptoms. 49 When using a probabilistic learning task to quantify reward-association behaviors in rodents, certain confounds should be considered. The probabilistic learning task has a strong learning component-conclusions about selectivity of deficits to reward valuation (and hence negative symptoms) would receive greater support if differences in lose-shift behavior were absent. Further support for selectivity of reward valuation/integration effects in rodents would be provided if no deficits in learning tasks were seen that do not involve a strong positive reinforcement, eg, aversively motivated tasks such as the Morris water maze or Barnes maze. That is, converging operations need to be used to determine whether it is learning or reward valuation that drive potential deficits in this task. A further complication stems from the finding that performance in these tasks was linked to working memory performance in humans. 60 This working memory link likely derives from presenting stimuli pairs simultaneously and not sequentially. In other words, while 1 stimulus pair is presented in trial 1 a different pair would be presented in trial 2, a third pair would be presented in trial 3, with each pair at different probabilistic reward levels. Presenting stimuli pairs sequentially (eg, the first stimuli pair is shown until all trials for that pair are completed then the next stimuli pair is presented) may provide a more succinct quantification of reward-associative learning not complicated by working memory confounds. Such confounds are best avoided if the neural circuitry underlying a specific behavior are to be clearly investigated.
Additional concerns stems from the cognitive underpinnings required to complete a probabilistic learning task. The cognitive deficits experienced by patients with schizophrenia could affect performance in tasks requiring subjects to choose between options. Although conceptually the cognitive load is kept low in tasks intended to assess reward and motivational processes, patients with schizophrenia do exhibit numerous cognitive deficits relative to healthy subjects. The concern about cognitive load in patient studies is discussed in the theoretical approach article on humans (Green et al, 26 this issue). For animal studies, the concern derives from whether the manipulation has effects beyond the primary outcome measure. Such concerns can be examined by investigating effects on additional behavioral measures (eg, water maze as described above) and tasks that assess different processes relevant to negative symptoms in schizophrenia.
Ultimately, numerous procedures use probabilistic rewards and punishments in response to choices that could also prove useful to understanding neuromechanisms underlying reward-based decision making. 31, 56, [61] [62] [63] [64] [65] [66] The optimal tasks will be those where direct comparisons can be made across species. One example that measures decision making under risk originally developed for humans is the Iowa Gambling Task (IGT) which presents choices of stimuli and varies reward, punishment levels, and probabilities for reward and punishment. 67 Similarly to probabilistic learning, poor reward-associative learning measured in the IGT correlated with negative symptoms in patients with schizophrenia. 55 Hence, the win-stay behavior of patients in the IGT could help identify the underlying mechanism(s) of this rewardassociative learning. This task has since been adapted for use in both rats 68, 69 and mice. 65 Unlike the probabilistic learning task however, the IGT utilizes more punishment and risk during task learning and so incorporates even more aspects of cognition that could confound behavioral results. Hence, making choices in this task based on feedback may provide a window into reward anticipation that links to motivation in patients with schizophrenia.
Another task that can measure response to feedback is the Response-Bias Probabilistic Reward Task (RBPRT). This task was originally developed by Pizzagalli and colleagues 70 as a computer-based laboratory task for humans to quantitatively and objectively assess how and whether reward feedback alters future behavior and choices. In the RBPRT, subjects are presented with a cartoon face on the computer screen that lacks a mouth. Then during discrete trials, a long or a short mouth is added to the cartoon face for a brief period, and the subject has to press 1 key if she/he saw a long mouth and another key in response to a short mouth. The target (ie, mouth) is presented for a very brief of time so that discrimination of short vs long is very difficult. Further, both stimuli are only partially and differentially reinforced with 1 reinforced 60% (ie, rich stimulus) and the other reinforced 20% (ie, lean stimulus) of the time. By providing ambiguous stimuli that are rarely rewarded, the task enables a response bias to develop towards the more frequently reinforced stimulus, irrespective of a subjects ability to discriminate between the stimuli. Indeed, healthy subjects gradually develop a response bias for the richer stimulus, accompanied by decreased accuracy, indicating that reinforcement history affected their subsequent behavioral choices. Importantly, depressed patients or college students with high depression scores do not develop this response bias yet maintain their discrimination accuracy demonstrating a failure to incorporate reinforcement history to affect their future pursuit of rewards. 70, 71 Two published studies indicated no differences between controls and schizophrenia patients in developing a response bias in the RBPRT. 72, 73 A third study indicated slowed response bias development in schizophrenia patients (Erican Duncan, personal communication). The original negative results may be related to the patients smoking status or negative symptom levels. In support, of this hypothesis data in healthy humans 74 and rats 75 demonstrate that nicotine increases response bias while nicotine withdrawal, characterized by anhedonia, reduced response bias development in rats 75 Most relevant to this review article is the fact that Markou and colleagues translated the RBPRT that was originally developed in humans to rats. 76 Short and long duration tones are used as the stimuli that the rats have to discriminate while performing in this task. All parameters of the rat version of the task, including percentage of responses that are reinforced and ratio of reinforcement for the 2 target stimuli, are identical in the human and rat versions. Thus, the neurosubstrates enabling positive reinforcement to influence future pursuit of rewards may be studied using this task.
Despite the apparent similarities in the traditional probabilistic learning tasks and the RBPRT, there are important differences. The former provides explicit feedback for subjects chosen stimuli (providing measures of learning driven by accuracy) while the latter provides rich vs lean feedback unrelated to their choices, and thus leads to stimulus bias irrespective of accuracy). Therefore, these 2 tasks may provide evidence for distinct aspects of reward-association driven feedback learning.
Neuromechanisms
Each of the behaviors discussed above was chosen because of the opportunity to use them to assess negative symptom-related behaviors in both humans and rodents. These tasks measure conceptually different aspects of reward/motivation-relevant behaviors, covering physical and cognitive effortful motivation, as well as rewardrelated feedback decision making. The differences in the constructs assessed by these tasks are reflected in evidence from rodent studies showing that distinct neuromechanisms underlie these behaviors, known as discriminant validity. While distinct mechanisms may subserve these behaviors, there is also evidence for overlap with interactive mechanistic effects at the receptor levels. Although limited evidence on neuromechanisms have been generated to date, evidence for their divergence and interaction will be described below.
Several studies highlight mechanistic interaction at the receptor level. For example, it is clear that systemic treatment with stimulants that increase catecholaminergic release (eg, amphetamine) increase physical effort as measured in the PRBP and in the EDT. Similarly, such stimulants also increased cognitive effort in rats, although only in rats identified as exerting low cognitive effort. 44 Furthermore, systemic amphetamine improved rewardassociative learning in mice, 77 and increased reward responsiveness in rats. 78 Additionally, reducing Sp4 expression in mice from birth reduced physical effort and lowered reward-associative learning, 77 although the precise mechanism(s) underlying these deficits as adults have yet to be determined. Evidence from other effort-based tasks provide additional insights about striatal involvement in effort-based decision making in rat mazes 79, 80 and reward-associative probabilistic learning in rats 81, 82 and humans. 52 Humans with focal orbitofrontal cortex (OFC) lesions exhibit impaired probabilistic learning both in terms of initial and reversal learning. 83 This effect has not yet been replicated in rodents but the OFC likely plays an important updating stimulus-association reward values. 84 Hence, a catecholaminergic-driven frontostriatal network likely underlies numerous aspects of motivation whether it is willingness to exert physical or cognitive effort, or to process reward feedback utilizing either explicit or ambiguous stimuli.
The differences between these tasks may provide greater insight into targeting treatments toward patients with specific deficits quantified by human versions of these tasks. For example, while inactivation of the basolateral amygdala in rats reduced physical effortful responding 85 and high cognitive effort preference in rats, 45 such a lesion increased cognitive effort preference in low effort rats. 45 The dopaminergic system may be less important for cognitive than physical effort given that dopamine receptor antagonists reduced effort in the latter 46, 86 but not the former. 46 Additionally, mice without alpha7 nAChRs exhibited normal physical effort motivation but impaired reward-associative learning, 87 despite such mice exhibiting normal learning in aversively motivated environments. 88 Other differences include the need of the dorsal striatum in rats performing an effort-based decision-making task 89, 90 but not in the PRBP. 91 Future studies using specific cross-species tests and manipulations may solidify the neuromechanisms mediating these specific behaviors in both humans and rodents for as yet there remain too few studies for a complete understanding. Once greater knowledge is acquired however, targeted treatments could then be developed for the domain affected specifically in 1 patient group vs another.
Most studies reported to-date that investigate the neural mechanisms of motivation focus on the role of the dopaminergic system. This dopaminergic focus could stem from a desire to increase the likelihood of observing an experimental effect (since several effects have already been reported), or due to publication bias where negative studies do not get reported as often. The battery of tasks described here provide an opportunity to investigate whether other neurotransmitter systems implicated in reward, eg, cholinergic interaction with the dopaminergic system to mediate these behaviors. For example, activation of the alpha7 nAChR increases striatal dopamine release, 92 which preferentially activates dopamine D 1 receptors 93 as this effect is absent in mice lacking alpha7 nAChRs. 94 This mechanistic interaction may provide the explanation of how alpha7 nAChR agonists could improve negative symptoms in patients with schizophrenia in early trials because they result in the reward-associated dopamine D 1 receptor pathway. [95] [96] [97] Future studies are required, however, to corroborate striatal dopamine D 1 receptors and alpha7 nAChRs interacting with a functional significance on behavior.
Conclusion
Here, we provided a translational approach identifying tasks that can be used in both humans and animals to enhance the investigation of neural mechanisms underlying physical, cognitive, and reward-related effort-based decision making (table 2) . Cross-species tasks have been devised with increasing recognition for the need of biomarkers that relate to specific cognitive domains. [98] [99] [100] Each task described above can be conducted in both humans and rodents because the tasks developed for humans do not involve verbal responses or rating scales. Instead, human subjects are required to emit responses upon presentation of discrete stimuli, providing performance-based quantified data. This review has not covered behavioral tasks that may link between species. For example, recreating measurements of facial expression or vocal tone communication in rodents has proven problematic in the past, although future studies may utilize rodent ultrasonic vocalizations (UV). 101 Since positive UV are emitted in expectation of positive reinforcement, they may link to anticipatory as opposed to consummatory behavior. Future effort is required to confirm such links. Similarly, a rodent social recognition/preference task exists which may be relevant to asociality in schizophrenia. CNTRICS suggested however, that this task is more closely linked to quantifying social cognition. 102 While it is interesting to investigate the neural mechanisms underlying these behaviors for their own sake, their investigation will be more relevant when they are linked to proven deficits in patients with schizophrenia using the cross-species tasks described here (Horan et al, 47 this issue).
Finally, 1 must always be cognizant of the species-specific behavioral divide when using this cross-species translational approach. Despite attempting to make the tasks as equitable across species as possible, verified cross-species validity is required. Differences in effects could arise from the differences in the way humans vs animal subjects were tested-dome differences remain unavoidable as species differences are inevitable. 106 In human tests, for example, it is easy to instruct patients on the task and provide some practice prior to testing. In animal procedures, the rodents must be trained to perform the tasks prior to testing. That is, training in animals (sometimes quite labor intensive) is in lieu of the instructions given to human subjects. Some techniques can be used to ensure as equivalent procedures between humans and rodents. For example, humans can be provided explicit instructions on the value of discrete stimuli. For rodents, they can be made to sample every possibility prior to testing (forcedchoice trials), hence they obtain a better more explicit understanding of the reinforcing contingencies irrespective of their overall choices. Once these tests have been refined-and with corroborative evidence that patients with schizophrenia exhibit impaired performance-biomarkers linked to impaired performance can be more readily generated. Future rodent studies could then be conducted that involve experimental manipulations that are relevant to the genetic and/or environmental factors shown to lead to the development of schizophrenia. The effects of these targeted manipulations could be assessed in a battery of tests relevant to negative symptoms and the effects of putative treatments could also be investigated in experimental animals. Theoretically, because the treatments will have biomarker-based findings in tasks linked closely to the neural mechanism in both human and animals, the likelihood of a positive treatment crossing the species divide would be greatly increased.
The limited data available from these tasks indicate overlap of some neuromechanisms but also dissociations that indicate divergent validity (ie, the tasks assess different aspects of reward processing and motivation). Dopamine D 1 receptors on the direct frontostriatal pathway likely underlie reward associative learning, while indirect manipulation of this pathway (eg, via alpha7 nAChR activation) could alter such reward associative learning. Direct dopamine activation can increase physical but not cognitive effort. The OFC likely underlies reward valuation particularly during periods of uncertainty. When testing these neuromechanisms, dissociations are also required to determine possible separable effects on motivation vs cognition in these tasks. While further validation is required, we propose that by developing these tasks across species the neuromechanisms can be investigated in detail in animals and the resulting deficits in patients more readily explained. Hence, quantifying different types of deficits in reward and motivational processes of patients with schizophrenia would promote the development of improved rodent procedures that assess the same construct and eventually the discovery of targeted treatments for the underlying altered neuromechanisms. 
